Abstract The black-spotted pond frog (Rana nigromaculata) is one of the most widely distributed species in China. However, there have been only a few qualitative descriptions of their breeding ecology and oviposition site selection. From 2004 to 2006, we investigated the breeding ecology and oviposition site selection of R. nigromaculata in Ningbo, China, quantitatively. Analyses of breeding ecology show that: (1) mean frog density in the breeding season was 0.0903 ¡ 0.0029 individuals per meter (n 5 11) (mean ¡ SE); (2) R. nigromaculata was a sexually dimorphic species, with females significantly larger than males in both body weight and snout-vent length; (3) the clutch size averaged 4643.04 ¡ 235.96 eggs (range 1546-7897, n 5 50); and (4) the egg size ranged from 1.50 to 1.74 mm in diameter, with an average egg size of 1.6050 ¡ 0.0046 mm (n 5 226). Oviposition sites differed significantly from random sites in percentages of water, bare ground and vegetation cover, water depth (cm), water temperature (uC) and water turbidity. Rana nigromaculata preferred microhabitats with higher percentages of water and vegetation cover, while it avoided microhabitats with deeper water. The results suggest that microhabitats with higher percentages of water and vegetation cover, but not deeper water, should be priorities for protection and conservation of the breeding habitats of R. nigromaculata.
Introduction
The black-spotted pond frog, Rana nigromaculata, is one of the most widely distributed species in China (Zhao and Adler, 1993; Fei, 1999) . This frog is not only an important consumer of arthropods (Zhang and Gao, 1989; Huang, 1990; Hirai and Matsui, 1999) , but also preys mainly for snakes, carnivores, wading birds and large raptors (Goin et al., 1978; Huang, 1990; Pough et al., 2003) . Therefore, it plays a number of important roles in the ecosystem (Pough et al., 2003; Whiles et al., 2006) . However, this species tended to decline recently due to habitat fragmentation, hunting and wildlife trade (Huang, 1990; Li and Li, 1995) . Since 1996, the frog has been listed as one of the key conservation wild animals in many provinces in China ( The breeding ecology of amphibians mainly involves breeding sites, breeding time, sex ratio and sexual dimorphism of males and females, body size at maturation and oviposition (Zou, 1993) . Presently, the breeding ecology of R. nigromaculata has been poorly studied. Only Lin (1958) and Wang (1965) have qualitatively described its basic breeding habits, while other aspects of its breeding ecology such as population density in the breeding season, sex ratio of males and females, size at maturation, clutch size and egg size, are rarely reported, which need immediate attention. Understanding of the frog's breeding ecology is helpful for establishing effective population recovery strategies for this species (Semlitsch, 2002) .
Nest site selection can be defined as the placement of eggs by females at sites that differ from random sites within a delimited area (Wilson, 1998) . Such behaviors may function as a means of protecting the embryos from predation pressures and/or environmental extremes (Joern and Jackson, 1981; Becker and Erdelen, 1982; Petranka, 1990; Burger, 1993) . Because many amphibian species lack postovipositional care such as nest guarding, egg attendance and egg thermoregulation (Huang, 1990; Pough et al., 2003) , oviposition site selection may have important effects on the egg development, growth, and survival (Wilson, 1998; Kolbe and Janzen, 2001 ). However, there have been only a few qualitative descriptions of their oviposition site selection (Huang, 1990; Fei, 1999) , while quantitative studies are lacking.
In this study, we investigated the breeding ecology and oviposition site selection of R. nigromaculata in Ningbo, China from 2004 to 2006 quantitatively. We also examined habitat variables influencing its oviposition site selection using logistic regression.
Materials and methods

Study species
Rana nigromaculata is a large, sexually dimorphic, greenish-black amphibian that occurs widely in China (Zhao and Adler, 1993; Fei, 1999; Zheng et al., 2002) . Males have secondary sexual characters, such as nuptial pads and linea masculina. They are usually found in ponds, rivers, rice fields, streams, reservoirs and mountainous regions below 2200 m. They are omnivorous and their diets are composed mainly of arthropods including Hymenoptera, Coleopterous, Diptera, Hemiptera and Lepidoptera (Zhang and Gao, 1989; Huang, 1990; Hirai and Matsui, 1999) . In the study area, R. nigromaculata emerges from hibernation in March. Breeding occurs between late March and early July, with a breeding rush from April to May. In the breeding season, this species usually lays eggs in rice fields, shallow ponds and ditches, while they avoid deep ponds and flowing water sites. Females breed once per year and deposit all eggs at one time. All the eggs conglutinate into a group and often cling to the vegetables. The animal pole of eggs is deep brown and vegetal pole is straw yellow or milk white. The clutch size generally ranges from 780 to 5514 eggs and egg size ranges from 1.5 to 2.0 mm. Recently-laid eggs often hatch into tadpoles in 3 or 4 days and then transform into juveniles in about 60 days (Huang, 1990 ).
Study sites
The study was carried out in Guoju and Qiuai, Beilun region, Ningbo city, China (29u419-30u019 N, 121u399-122u109 E). The climate there is typical of the subtropical ocean monsoon zone and is highly seasonal. The mean monthly air temperatures range from 5.2uC (January) to 27.8uC (July). The annual rainfall is 1297 mm (Cui, 1998) . Vegetation is predominately subtropical evergreen broadleaf forest. Approximately 30% of the Beilun region is plains and 70% is hills (Zhejiang Bureau of Suveying and Mapping, 1989) . According to our field surveys and Wu et al. (2004) , the frog's habitats can be divided into rice fields, ditches, ponds, reservoirs, rivers, and dry lands.
There are a total of 17 native amphibian species in the Beilun region including 13 Raniformes and 4 Salamandriformes (Huang, 1990; Li et al., 1998) .
We selected Guoju and Qiuai as study sites mainly for three reasons. First, much work had already been done at these two sites and the species composition was very clear . Second, R. nigromaculata was not hunted there because these two sites were remote, which ensures the accuracy of the data. Finally, these two sites possess all kinds of necessary habitats for R. nigromaculata, which facilitates our studies on its oviposition site selection. In contrast, the categories and areas of the frog's habitats have decreased or disappeared dramatically at neighboring sites due to agricultural activities.
Sampling methods
From March to July in 2004, April to May in 2005, and May in 2006, we surveyed each site carefully at potential breeding habitats of R. nigromaculata, and collected data on the habitat variables of oviposition sites, population density, sex ratio, body size at maturation, clutch size and egg size on rainless and windless days.
Habitat variable measurement
Because suitable habitats of R. nigromaculata have decreased greatly, frog eggs, which were easily recognized in the wild, were not commonly found. Therefore, we used a case-control design of logistic regression to sample and analyze the oviposition site selection by R. nigromaculata (Keating and Cherry, 2004) . This sampling design is appropriate for such situations when nests are easily recognized but uncommon to be found, thus ensuring that our final sample contains an adequate number of oviposition sites (Keating and Cherry, 2004) .
We surveyed frog clutches thoroughly along the accessible edges of the potential breeding habitats, including rice fields, ditches, ponds, rivers and reservoirs, in each study site between 8:30 and 16:00 hours every day during the study period. Once found, we centered a one meter square grid on each oviposition site and estimated the habitat variables within the grid (Table 1) (Burger and Zappalorti, 1986; Wilson, 1998; Kolbe and Janzen, 2001) . A same sampling procedure was conducted at random sites. We selected random sites by choosing two numbers from a random table: one indicating direction (in degrees) and the other indicating distance from the oviposition site (Burger and Zappalorti, 1986; Burger, 1993) .
Egg collection and measurement
After sampling of habitat variables, each recently-laid clutch was wholly pulled into a plastic basin (about 20 cm in diameter) and then carefully placed in plastic bags with water and taken to the laboratory for further analysis. Indoors, each clutch was spread out in a white tray and counted with the aid of an arithmometer. We then selected six eggs from each clutch at random and measured the diameter of each egg to the nearest 0.02 mm using vernier calipers (Tejedo, 1992) . Only eggs prior to Gosner 10 were measured, because after this stage the embryo will shortly assume an oval shape and increase in size (Gosner, 1960) . When meeting clutches that had developed after Gosner 10, we only counted the clutch size and did not measure egg diameters for accuracy of the data. Afterwards, each clutch was carefully returned to the place where it was found.
Frog density estimation
We used the line transection method to estimate density of the frog (Jaeger, 1994) . All line transects were fixed in sites where frog clutches were gathered. Each line transect was 2 m in width and 50-200 m in length, depending on the accessibility and the area of sampling habitats. We carefully searched and counted each frog that we met within a line transect at night between 19:00 and 21:30 with a 12-V DC lamp. The search speed was about 1-2 km/h. We used a GPS to record the length of each line transect. To avoid the personal bias in frog detection and counts, the density sampling was conducted by only one person (YPW).
Frog collection and measurement
We then captured frogs in the same line transect by dipnet or by hand. All captured frogs were placed in separate plastic bags, and taken indoors for further analysis. Indoors, they were measured and sexed. We measured snout-vent length (SVL; with vernier caliper to the nearest 0.02 mm) and body weight (with a 100 g balance to the nearest 0.1 g) of all individuals. Gender of sexually mature frogs was determined according to the presence or absence of secondary sexual characters, such as nuptial pads and linea masculina (Huang, 1990; Fei, 1999) . We considered individuals with a body size less than the minimum male body size of pond frogs at a location as juveniles, and frogs without male characteristics as females (Hirai, 2004; Wu et al., 2006) . Afterwards, frogs were released into the sites where they were captured the next morning.
Statistical analyses
Density of pond frogs was calculated as the number of frogs per total length of line transect. At each location, we used the mean density of all line transects to represent frog density. We used t-tests to determine sexual difference in frog body size. We used the ratio of females to males captured at each site as the sex ratio of R. nigromaculata in the breeding season. Because frog density, body size, clutch size and egg size did not differ significantly among sites or years (t-test, all P . 0.05), we combined the data to enlarge sample size.
We used logistic regression to determine the habitat factors influencing oviposition site selection by R. nigromaculata. To reduce co-linearity and the number of variables presented to the logistic model, we used the MannWhitney U test to compare the variable differences between oviposition and random sites and only those for which significant univariate differences were detected between oviposition and random locations were included in multivariate analyses (Sergio et al., 2004) .
Prior to parametric tests, we used one sample K-S test to examine whether the data were normally distributed. We used the t-test to compare variables with normal distribution, and used the Mann-Whitney U test to compare variables that were not normally distributed. Values are given as mean ¡ SE. The tests are two-tailed and statistical significance was set at a # 0.05. All the statistical analyses were performed with SPSS 13.0. % water visually estimated, and divided into 5 categories: 1 (0%-20%), 2 (21%-40%), 3 (41%-60%), 4 (61%-80%), 5 (81%-100%). % bare ground visually estimated, and divided into 5 categories: 1 (0%-20%), 2 (21%-40%), 3 (41%-60%), 4 (61%-80%), 5 (81%-100%). % vegetation cover visually estimated, and divided into 5 categories: 1 (0%-20%), 2 (21%-40%), 3 (41%-60%), 4 (61%-80%), 5 (81%-100%). water temperature/uC measured to the nearest 0.1uC 2 cm below water surface at grid center (McAlpine and Dilworth, 1989) . water depth/cm measured to the nearest centimeter with a stainless tape measure. water turbidity visually estimated, and divided into 5 categories: 1 is extremely clear and 5 is extremely turbid (Moyle, 1973) . pH measured to the nearest degree 2 cm below water surface at grid center with pH litmus paper ranging from 0 to 14 (McAlpine and Dilworth, 1989) . fish presence or absence visual encounter surveys and dip-netting sweep methods (Pearl et al., 2005) were used to determine fish presence or absence in each site and habitat. Fishes were considered as egg predators of R. nigromaculata (Kats et al., 1988; Pilliod and Peterson, 2001 ). distance to the nearest road/m measured with a GPS from grid center to the edge of the nearest road. This variable was considered as a measure of potential human disturbance (Sergio et al., 2004) .
Results
Breeding ecology of Rana nigromaculata
The population density of R. nigromaculata averaged 0.0903 ¡ 0.0029 individuals per meter (n 5 11) in the breeding season and it did not differ significantly among habitats (ANOVA, F 2,8 5 0.17, P 5 0.846). We captured 76 adult frogs during the survey period, including 52 males and 24 females. Therefore, the sex ratio of R. nigromaculata in the breeding season was 1:2.17. The minimum male frog with secondary sexual characters was 12.0 g in weight and 49.26 mm in length, and the minimum female frog was 18.5 g in weight and 53.26 mm in length. Females were significantly larger than males both in body weight (females 5 42.54 ¡ 4.09 g, males 5 26.59 ¡ 1.07 g; t 5 5.024, P , 0.001) and snout-vent length (females 5 73.45 ¡ 2.30 mm, males 5 65.04 ¡ 1.05 mm; t 5 3.324, P 5 0.002), indicating that R. nigromaculata is a sexually dimorphic species. A total of 50 clutches were found in all kinds of habitats, including 38 in rice fields, 10 in ditches, 1 in a pond and 1 in a river. The distribution of frog clutches in these habitats was not random (x 2 5 73.68, df 5 3, P , 0.001). Clutch size of R. nigromaculata varied greatly (1546-7897), averaging 4643.04 ¡ 235.96 eggs per clutch. The egg size ranged from 1.50 to 1.74 mm in diameter, with an average egg size of 1.6050 ¡ 0.0046 mm (n 5 226).
Oviposition site selection of Rana nigromaculata
Oviposition sites differed significantly from random sites in percentages of water, bare ground and vegetation cover, water depth, water temperature and water turbidity, with the exception being pH, fish presence or absence and distance to the nearest road (Table 2) . Among six habitat variables that differed significantly between oviposition and random sites, three met the entrance criteria of the stepwise logistic model: % water, % vegetation cover and water depth (Table 3) . The model correctly reclassified 97.8% of the frog's oviposition sites and 93.3% of the random sites (overall 5 95.6%).
Discussion
Breeding ecology of R. nigromaculata
The present study is among the first to quantitatively investigate the breeding ecology of R. nigromaculata, including its population density, sex ratio, size at maturation, clutch size and egg size. Our results indicate that males predominate over females in the sex composition of R. nigromaculata in the breeding season, which is similar to other anuran species (Li and Chen, 1986; Tian et al., 1998) . The minimum male frog was 12.0 g in weight and 49.26 mm in length and the minimum female frog was 18.5 g in weight and 53.26 mm in length. However, Zheng et al. (2002) found that the minimum male frog was 24.0 g in weight and 65.12 mm in length, and the minimum female frog was 24.71 g in weight and 65.49 mm in length. Such differences in size at maturation may be attributed to the climate and temperature differences among sites (Ashton, 2002; Laugen et al., 2005) , or due to the site differences in the number of predators and food availability (Reznick et al., 1996; Stearns et al., 2000; Wu et al., 2006) . Moreover, our results suggest that R. nigromaculata is a sexually dimorphic species, with females significantly larger than males in body size. This is consistent with the findings by Zheng et al. (2002) . The sexual dimorphism in R. nigromaculata is probably due to the sexual differences in age, mortality rate and resource utilization (Shine, 1979; Howard, 1981; Andersson, 1994; Monnet and Cherry, 2002) . In our study, clutch size of R. nigromaculata ranged from 1546 to 7897, while it ranged from 700 to 3500 in Wang's study (1957) and ranged from 786 to 5114 in Lin's study (1958) . Such differences in clutch size may be attributed to the site differences in body size (Tilley, 1968; Saether, 1987) , the number of predators and food availability (Clifford and Anderson, 2001; Zanette et al., 2006) .
Oviposition site selection of Rana nigromaculata
This study provides the first quantitative measure of oviposition site selection by R. nigromaculata. It was found that percentages of water and vegetation cover and water depth were significant habitat variables influencing oviposition site selection. The preference of R. nigromaculata to microhabitats with a higher percentage of water may be due to its large size, which requires large water areas for breeding, mating and oviposition. Vegetation cover was also an important habitat variable that affected oviposition site selection by R. nigromaculata. This may be because vegetation can provide cover against predators (Werner et al., 1983; Babbitt and Jordan, 1996; Laurila, 1998) . R. nigromaculata tended to avoid microhabitats with deeper water, which may be due to the requirements for suitable oxygen content and temperature for egg development (Lin, 1958) . In deep water environments, the content of oxygen is low and water temperature rises slowly, which is disadvantageous for egg development. Therefore, R. nigromaculata avoided spawning in microhabitats with deeper water (Lin, 1958) . Although percentages of bare ground, water temperature and water turbidity differed significantly between oviposition and random sites, they were not important habitat variables influencing oviposition site selection by R. nigromaculata. Percentage of bare ground did not affect oviposition site selection probably because it was just a covariant of the percentage of water as it correlated significantly with the latter (r 5 20.411, n 5 90, P , 0.001). Water temperature and water turbidity did not affect oviposition site selection probably because these two habitat variables only differed slightly between oviposition and random sites (Table 2) .
Our results have important implications for establishing more effective conservation and management strategies for this species. We found that the distribution of frog clutches in the habitats was not random and the majority of the clutches were distributed in rice fields and ditches. Therefore, these two kinds of habitats should be given priorities in the conservation of the breeding habitats of R. nigromaculata. We also found that R. nigromaculata preferred microhabitats with higher percentages of water and vegetation cover, while it avoided microhabitats with deeper water. This suggests that microhabitats with higher percentages of water and vegetation cover, but not deeper water, should be given priorities for protection of the breeding habitats of R. nigromaculata.
